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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The vapor growth approach of the nitride system group IH-V semiconducter characterized by 
making the halogenide of an III group element, and the compound containing a nitrogen element react, 
being the approach of carrying out vapor growth of the nitride system group-III-V-semiconducter layer, 
and performing Si doping by making SiHxC14-X (2 x= 1, 3) into doping material gas at the time of this 
vapor growth. 

[Claim 2] The vapor growth approach of a nitride system group III-V semiconducter according to claim 
1 that the nitride system group III-V semiconducter who performs said Si doping is characterized by 
being the nitride system group III-V semiconducter of either InxGal-xN (0<=x<=l), AlxGal-xN 
(0<=x<=l) or AlxInyGal-x-yN (0 <=x+y<=l). 

[Claim 3] The vapor growth approach of the nitride system group III-V semiconducter characterized by 
being the vapor growth approach of the nitride system group III-V semiconducter to the substrate top 
using the vapor growth approach of a nitride system group III-V semiconducter according to claim 1 or 
2, and said substrate being silicon on sapphire, a SiC substrate, a spinel mold crystal substrate, or Si 
single crystal substrate. 

[Claim 4] The manufacture approach of a nitride system group-III-V-semiconducter component of 
having the process which forms a nitride system group-III-V-semiconducter layer using the vapor 
growth approach of a nitride system group III-V semiconducter according to claim 3 while doping Si on 
said substrate, and the process which forms semiconductor device structure on the nitride system group- 
III-V-semiconducter layer by which this Si was subsequently doped. 

[Claim 5] The manufacture approach of the nitride system group-III-V-semiconducter component 
according to claim 4 characterized by being the process to which the process which forms said 
semiconductor device structure carries out the laminating of a cladding layer, a lightguide layer, a 
multiplex quantum well layer, and the cladding layer one by one on the nitride system group-III-V- 
semiconducter layer by which said Si was doped. 

[Claim 6] The manufacture approach of a nitride system group-III-V-semiconducter substrate including 
the process which forms a nitride system group-III-V-semiconducter layer using the vapor growth 
approach of a nitride system group III-V semiconducter according to claim 3 while doping Si on said 
substrate, and the process which subsequently removes this substrate and separates only a nitride system 
group-III-V-semiconducter layer. 

[Claim 7] The manufacture approach of a nitride system group-III-V-semiconducter component of 
having the process which forms a nitride system group-III-V-semiconducter substrate using the 
manufacture approach of a nitride system group-III-V-semiconducter substrate according to claim 6, and 
the process which forms semiconductor device structure subsequently to this nitride system group-III-V- 
semiconducter substrate top. 

[Claim 8] The manufacture approach of the nitride system group-III-V-semiconducter component 
according to claim 7 characterized by the process which forms said semiconductor device structure 
being a process which carries out the laminating of a cladding layer, a lightguide layer, a multiplex 
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quantum well layer, and the cladding layer one by one on said nitride system group-Ill- V-semiconducter 
substrate. 

[Claim 9] claims 1-3 — the manufacture approach of semiconductor laser and a light emitting diode 
using the vapor growth approach given in either as one process of a production process, a field-effect 
transistor, or the semiconductor device of BAIPORA. 

[Claim 10] In the light emitting device using the group HI-V semiconducter who has the structure which 
sandwiched the luminous layer by n layers of n conduction type, and p layers of p conduction type The 
light emitting device characterized by Si being doped by the part which had the structure where joined to 
said n layers, and n electrode layer was formed, joined to said p layers, and p electrode layer was formed 
and where n mold electrode layer and p mold electrode layer have been arranged at the counter 
electrode, and is in contact with n mold electrode of n layers. 

[Claim 1 1] The light emitting device according to claim 10 to which n layers by which said Si is doped 
are characterized by being a GaN layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor device of 
having used a nitride system group ! s III- V semiconducter vapor growth approach and this approach. 
[0002] 

[Description of the Prior Art] The forbidden-band width of face of a nitride semi-conductor, especially 
gallium nitride (GaN) is as large as 3.4eV, and since it is the semi-conductor of a direct transition mold, 
development is actively performed as a blue light emitting device ingredient. By the way, generally the 
sapphire (aluminum 203) substrate, the silicon carbide (SiC) substrate, the spinel mold crystal substrate 
of Mg2aluminum204 grade, etc. are usually used for the epitaxial growth of this ingredient from 
production of a homoepitaxial substrate being difficult. Also in it, since a cheap thing and a crystalline 
good epitaxial layer can grow comparatively, most silicon on sapphire is used. 

[0003] The laser structure which consists of a nitride system semi-conductor as shown by drawing 6 on 
this silicon on sapphire is produced (S. Nakamura et al, Jpn.J.Appl.Phys., vol35, L74 (1996)). First, this 
structure grows up the low-temperature buffer layer 62 of GaN into silicon-on-sapphire top 61, and 
grows up the Si dope GaN layer 63 into it at an about 1000-degree C elevated temperature on it. 
Furthermore, sequential growth of the Si dope InGaN layer 64, the Si dope AlGaN cladding layer 65, 
the Si dope GaN lightguide layer 66, an InGaN well layer and the InGaN multiplex quantum well layer 
67 (it becomes a laser luminous layer) that consists of an InGaN barrier layer, the Mg dope mold AlGaN 
layer 68, the Mg dope p mold GaN lightguide layer 69, the Mg dope p mold AlGaN cladding layer 70, 
and the Mg dope GaN contact layer 71 is carried out. The Ti-aluminum electrode 73 is widely used as 
nickel- Au and an n mold electrode as a p electrode 72. 

[0004] Structure as shown in drawing 6 was taken because n mold electrode was not able to be directly 
formed on the sapphire which is an insulating material, therefore it needed to etch a part of growth phase 
to the nGaN layer by dry etching etc., and needed to form the electrode on it. With such n mold 
electrode structure, since current pass had structure which crosses n mold compound semiconductor 
layer (GaN layer 63 in drawing), the resistance component increased only the part which became long to 
the longitudinal direction, generation of heat etc. was caused, and it had become the cause of worsening 
a device property. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above-mentioned 
technical problem, performs low resistance-ization of n mold compound semiconductor layer in the 
conventional structure of a blue light emitting device in the first place, and aims at offering the 
manufacture approach of a semiconductor device of having the counter electrode structure of n mold and 
p mold electrode which solved fundamentally the problem of the above-mentioned increment in a 
resistance component to the second for the purpose of offering the manufacture approach of a compound 
semiconductor element that a device property does not deteriorate. 
[0006] 
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[Means for Solving the Problem] This invention makes the halogenide of an III group element, and the 
compound containing a nitrogen element react, is the approach of carrying out vapor growth of the 
nitride system group-III-V-semiconducter layer, and relates to the vapor growth approach of the nitride 
system group III-V semiconducter characterized by performing Si doping by making SiHxC14-X (2 x= 
1, 3) into doping material gas at the time of this vapor growth. 

[0007] Furthermore, this invention is the vapor growth approach of the nitride system group III-V 
semiconducter to the substrate top which used the above-mentioned nitride system group's III-V 
semiconducter vapor growth approach, and it is related with the vapor growth approach of the nitride 
system group III-V semiconducter characterized by said substrate being silicon on sapphire, a SiC 
substrate, a spin flannel substrate, or Si single crystal substrate. 

[0008] Furthermore, this invention relates to the manufacture approach of a nitride system group-III-V- 
semiconducter component of having the process which forms a nitride system group-III-V- 
semiconducter layer while doping Si on said substrate, and the process which forms semiconductor 
device structure on the nitride system group-III-V-semiconducter layer by which this Si was 
subsequently doped, using the vapor growth approach of the nitride system group III-V semiconducter 
to the above-mentioned substrate top. 

[0009] Furthermore, this invention relates to the manufacture approach of a nitride system group-III-V- 
semiconducter substrate including the process which forms a nitride system group-III-V-semiconducter 
layer while doping Si on said substrate, and the process which subsequently removes this substrate and 
separates only a nitride system group-III-V-semiconducter layer using the vapor growth approach of the 
nitride system group III-V semiconducter to the above-mentioned substrate top. 
[0010] Furthermore, this invention relates to the manufacture approach of a nitride system group-III-V- 
semiconducter component of having the process which forms a nitride system group-III-V- 
semiconducter substrate using the manufacture approach of the above-mentioned nitride system group- 
III-V-semiconducter substrate, and the process which forms semiconductor device structure 
subsequently to this nitride system group-III-V-semiconducter substrate top. Furthermore, this invention 
relates to the manufacture approach of semiconductor laser and a light emitting diode using a nitride 
system group ! s III-V semiconducter vapor growth approach which the point indicated as one process of 
a production process, an electric-field transistor, or the semiconductor device of BAIPORA. 
[001 1] In the light emitting device using the group III-V semiconducter who furthermore has the 
structure into which this invention inserted the luminous layer by n layers of n conduction type, and p 
layers of p conduction type It is related with the light emitting device characterized by Si being doped by 
the part which had the structure where joined to said n layers, and n electrode layer was formed, joined 
to said p layers, and p electrode layer was formed and where n mold electrode layer and p mold 
electrode layer have been arranged at the counter electrode, and is in contact with n mold electrode of n 
layers. 

[0012] In order to attain low resistance- ization with structure conventionally, it is necessary to form the 
light corpuscle child who operates by the low threshold, low current, and the low battery. For example, 
if it explains using the laser structure of drawing 6 , it is necessary to decrease as it comes out of the 
resistance component which exists in the n mold GaN layer 63. although for that it is possible to thicken 
an n mold GaN layer - the former - an organic metal thermal decomposition method (metalorganic 
vapor phase epitaxy: MOVPE) — since growth was performed by law, and the growth rate was slow, it 
was difficult to have made it grow up more than the thickness which is several micrometers. Moreover, 
when GaN was grown up thickly, by heat distortion etc., the crack was introduced in the growth phase 
and it became device structure production with inconvenience extremely. 

[0013] It is the description to use the vapor growth (halogen-transport vapor phase epitaxy:HVPE) by 
halogen conveyancing which the halogenide of an III element is made to react as the vapor growth 
technique first in this invention with the compound (compound which contains nitrogen in this 
invention) containing V group element, and performs vapor growth on a substrate. That is, it is the 
technique of being able to convey an III group element to a substrate field as a chloride like GaCl or 
InCl, could realize the quick growth rate of 1 00 or more micrometer/h in GaN, and having been 
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dramatically suitable for thick-film growth. And there is the description that a crack does not enter even 
if it can reduce penetration rearrangements and moreover grows up several 1 00-micrometer thickness by 
using lateral growth (epitaxial lateral overgrowth : ELO) (A. Usui et al., Jpn J.Appl.Phys. Vol.36, L.899 
(1997)). 

[0014] However, the as-grown crystal which performed ELO growth by this HVPE was not able to 
show high resistance at a room temperature in many cases, and, the way things stand, was not able to 
solve the technical problem of this invention, in order to obtain n type low resistance crystal of GaN — 
already - MOVPE — in law, it realizes with doping of Si using SiH4. however, HVPE - when SiH4 
was used by law, it decomposed, before SiH ! s4 having decomposed and arriving at a substrate field, 
since the whole coil is heated by resistance heating, and it became clear for doping of effectual Si to be 
impossible. 

[0015] then, this invention persons - HVPE - as a result of examining wholeheartedly the doping 
material gas in which effectual Si doping is possible in law, SiHxCl 4-x (2 x= 1, 3) containing CI 
resulted that it was effective as a nitride system group's III-V semiconducter n mold doping material gas 
in HVPE in header this invention. Therefore, it becomes possible to manufacture the semiconductor 
device which has n mold nitride system group-III-V-semiconducter layer of low resistance. 
[0016] Furthermore, this invention persons found out that the nitride system group III-V semiconducter 
who formed low resistance using the above-mentioned approach was separable as an n type low 
resistance substrate. It is possible to form semiconductor device structure in this separated n type low 
resistance substrate, thereby, the degree of freedom of a design of semiconductor device structure is 
boiled markedly, and improves. 

[0017] It is the description that the light emitting device using the vapor growth approach of this 
invention has structure in which n mold electrode and p mold electrode carried out the counter electrode 
in the light emitting device using the group III-V semiconducter who has the structure which 
sandwiched the luminous layer by n layers of n conduction type and p layers of p conduction type, and 
according to this structure, current pass is short and can miniaturize the semiconductor device itself. 
Furthermore, it becomes unnecessary to carry out mesa etching of a part of growth phase conventionally 
as compared with structure, and can simplify dramatically also as a component production process, and 
it can be said that it is advantageous structure. 

[0018] Moreover, it is possible to form transistors, such as light emitting devices, such as semiconductor 
laser and a light emitting diode, and a field-effect transistor, and BAIPORA, by the approach usually 
performed using the vapor growth approach of the nitride system group III-V semiconducter of this 
invention. That is, in the semiconductor device using a nitride system group III-V semiconducter, when 
forming n type layer of low resistance, the vapor growth approach of this invention can be used. 
[0019] 

[Example] (Example 1) As 1 operation gestalt of this invention, doping in GaN at the time of using 
SiH2C12 is explained. The substrate for ELO shown in drawing 1 (a) as a substrate was prepared. About 
the detail of this approach, it is already in announced reference (A. Usui et al., Jpn.J. Appl.Phys. Vol.36 
(1997) pp.L.899-L.902), and is a well-known technique. That is, using silicon on sapphire 1 1, on the 
thin GaN epitaxial layer 12, Si02 is used and the mask pattern 13 on a stripe is formed. It set in the 
HVPE growth equipment which showed this substrate for ELO to drawing 2 . In this equipment, it is 
equipment which can convey GaCl which is the halogenide of an III group element to a substrate, and 
GaCl is generated at a reaction with HC1 supplied with carrier gas, such as H2 or N2, from the Ga metal 
21 and the introductory tubing 22. GaN carries out vapor growth on a substrate 24, GaCl and NH3 
supplied from the introductory tubing 23 being mixed, and reacting in a substrate field. The temperature 
of a substrate field was set as 1000 degrees C with the electric furnace 25. Moreover, the GaCl partial 
pressure and NH3 partial pressure used as a raw material were set to 5xl0-3atm and 0.3atm in the 
substrate field, respectively. Growth rates are about 50 micrometer/h on this condition. Moreover, 
SiH2C12 which is doping material gas doped by supplying a substrate field from the introductory tubing 
26. Si of about 1 00-micrometer thickness like drawing 1 (b) was doped — it was made to grow up GaN 
layer 14 The relation of the carrier concentration and SiH2C12 concentration which were investigated by 
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hole measurement to drawing 3 is shown. This drawing showed that electronic carrier concentration was 
controllable by changing the partial pressure of SiH2C12 with sufficient repeatability in [ large ] 1017- 
1019cm-3. That is, the dope of conventionally impossible effectual Si was attained and, thereby, growth 
of n mold thick-film low resistive layer required in order to produce a device has been realized in 
HVPE. 

[0020] In addition, in this example, although SiH2C12 was used as doping material gas, SiHC13 and 
SiH3Cs 1 and SiC14 may also be possible for n mold doping, and you may be those mixture. 
[0021] Moreover, in this example, although doping to GaN showed, the same doping is realizable also 
about the nitride system group HI-V semiconducter of either InxGal-xN (0<=x<=l), AlxGal-xN 
(0<=x<=l) or AlxInyGal-x-yN (0 <=x+y<=l). Moreover, it is realizable also by these layer structures. 
When aluminum is included and In is included for aluminum metal here, it is possible except arranging 
In metal in HVPE equipment to dope by the completely same approach as the case of GaN. Moreover, it 
means having prepared some layers from which a presentation differs that it is stratified. In order to 
form this layer system, by controlling the partial pressure of each halogenide of GaCl, and A1C13 and 
InC13 generated by the reaction of Ga metal, aluminum metal, In metal, and HC1, it is possible to change 
a layer system with time, and it is possible also in that case to perform Si doping by the same approach 
as the case of GaN shown previously. 

[0022] Furthermore, in this example, although the ELO substrate was used, it does not pass over this to 
have explained as a suitable example for obtaining a better crystal, and the activities of this ELO 
substrate are not the indispensable conditions of this invention. It is possible to apply the vapor growth 
approach of this invention as a substrate with GaN and the substrate other groups III-V semiconducter 
can grow up to be. 

[0023] (Example 2) The gestalt of operation of the 2nd of this invention is explained using drawing 4 
about how to form the laser structure to n mold thick-film low resistive layer top formed in the example 
1 as the manufacture approach of the semiconductor device which is 1 operation gestalt of this 
invention. 

[0024] the vapor growth approach of an example 1 - the sapphire (0001) side substrate crystal 1 1 top - 
HVPE - the GaN layer 14 of 1 00-micrometer thickness which doped Si by making SiH2C12 into doping 
material gas like drawing 1 (b) is grown up using law. 

[0025] Growth temperature is set as 1000 degrees C, performs the GaCl partial pressure and NH3 partial 
pressure used as a raw material in a substrate field using the growth equipment by the HVPE method 
shown in drawing 2 , and grows on condition that 5xl0-3atm and 0.3atm, respectively. In a substrate 
field, SiH2C12 which is doping material gas simultaneously is set up so that a partial pressure may serve 
as 2xl0-6atm. Thereby, 1x101 8cm- 3 are obtained as carrier concentration. 

[0026] Next, this crystal is picked out from a HVPE coil and it installs in a MOVPE coil succeedingly. 
Temperature up is carried out supplying NH3 in a hydrogen air current, and substrate temperature is set 
as 1000 degrees C. Then, the Si dope AlGaN cladding layer 41 of carrier concentration 2xl018cm-3 and 
the Si dope GaN lightguide layer 42 of 5xl017cm-3 are formed like drawing 4 (a). Next, substrate 
temperature is set as 750 degrees C, the InGaN well layer, undoping, or Si which doped undoping or Si 
lxl018cm-3 is doped lxx018cm-3, there is less In than a well layer and the multiplex quantum well 
structure 43 of five periods which consist of InGaN barrier layers which doped undoping or Si 
lxl018cm-3 is formed. Next, growth temperature is again set as 1000 degrees C, and sequential growth 
of the Mg dope GaN lightguide layer 44 of carrier concentration 5xl017cm-3, the Mg dope AlGaN 
cladding layer 45 of carrier concentration lxl017cm-3, and the Mg dope GaN contact layer 46 of 
lxl018cm-3 is carried out. 

[0027] Laser structure like drawing 4 (b) is producible using this growth crystal. Some crystals are 
etched until the n type low resistance GaN layer which vapor-deposited the electrode 47 which consists 
of nickel-Au, and was produced by HVPE using the dry etching technique for electrode formation by the 
side of n is exposed on a p mold GaN contact layer. The electrode 48 which moreover consists of Ti- 
aluminum is formed. Moreover, the resonator side of laser is produced using a cleavage and a dry 
etching technique. 
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[0028] Such mixture is sufficient again, an example 1 — the same - doping material gas - SiHxC14-X 
(2 x= 1, 3) The nitride system group III-V semiconducter who performs Si doping Moreover, InxGal- 
xN (0<=x<=l), Which nitride system III-W group compound semiconductor of AlxGal-xN (0<=x<=l) 
or AlxInyGal-x-yN (0 <=x+y<=l) may be used, and that from which they became the layer structure 
may be used. 

[0029] Moreover, although the sapphire C side was used by this example as a substrate crystal, other 
crystal faces can also be used and Ihe bulk crystal in which single crystal growth of nitride system III-V 
group semi-conductors, such as a SiC substrate, and a spinel mold crystal substrate, Si single crystal 
substrate, is still more possible can be used. 

[0030] (Example 3) The gestalt of operation of the 3rd of this invention is explained using drawing 5 
about how to form the laser structure of the structure to which the counter electrode of n mold and the p 
mold electrode was carried out as the manufacture approach of the semiconductor device which is 1 
operation gestalt of this invention. Manufacture of the component of this structure is attained by 
separating from a substrate n mold thick-film low resistive layer formed in the example 1 . 
[0031] the vapor growth approach of an example 1 - the sapphire (0001) side substrate crystal 1 1 top — 
HVPE - the GaN crystal 14 of 200-micrometer thickness which doped Si by making SiH2C12 into 
doping material gas like drawing 1 (b) is grown up using law. 

[0032] Growth temperature is set as 1000 degrees C, performs the GaCl partial pressure and NH3 partial 
pressure used as a raw material in a substrate field using the growth equipment by the HVPE method 
shown in dr awin g 2 , and grows on condition that lxl0-2atm and 0.3atm, respectively. Growth rates are 
about 100 micrometer/h on this condition. In a substrate field, SiH2C12 which is doping material gas 
simultaneously is set up so that a partial pressure may serve as 2xl0-6atm. Thereby, lxl018cm-3 are 
obtained as carrier concentration. Next, it removes from the drawing 5 (a) broken-line section in the 
form containing a lower part, i.e., a sapphire part, and the lower GaN layer 14 by which Si was doped in 
part, and only n mold group-III-V-semiconducter substrate is separated from this crystal. About the 
clearance approach, it is possible to etch for example, with mechanical polish, strong-base nature, or a 
strong acid nature chemical. Moreover, an electrification beam or a neutral beam may perform physical 
etching. Thus, the simple substance crystal 51 of the n mold GaN is obtained. 

[0033] This crystal is succeedingly installed in a MOVPE coil. Temperature up is carried out supplying 
NH3 in a hydrogen air current, and substrate temperature is set as 1000 degrees C. Then, the Si dope 
AlGaN cladding layer 52 of carrier concentration 2xl018cm-3 and the Si dope GaN lightguide layer 53 
of 5xl017cm-3 are formed like drawing 5 (b). Next, substrate temperature is set as 750 degrees C, there 
is less In than the InGaN well layer and well layer which doped undoping or Si lxl018cm-3, and the 
multiplex quantum well structure 54 of five periods which consist of InGaN barrier layers which doped 
undoping or Si 1x101 8cm-3 is formed. Next, growth temperature is again set as 1000 degrees C, and 
sequential growth of the Mg dope GaN lightguide layer 55 of carrier concentration 5xl017cm-3, the Mg 
dope AlGaN cladding layer 56 of carrier concentration 1x101 7cm-3, and the Mg dope GaN contact layer 
57 of lxl018cm-3 is carried out. Laser structure like drawing 5 (c) is producible using this growth 
crystal. HVPE which vapor-deposits an electrode 58 if it is from nickel- Au, and constitutes the rear face 
of a crystal on a p mold GaN contact layer — the electrode 59 which consists of Ti-aluminum is formed 
on the n side GaN grown up by law. Moreover, the resonator side of laser is produced using the cleavage 
of a crystal. 

[0034] Such mixture is sufficient again, an example 2 - the same - doping material gas - SiHxC14-X 
(2 x= 1, 3) - The nitride system group III-V semiconducter who performs Si doping Moreover, InxGal- 
xN (0<~x<=l), Which nitride system group III-V semiconducter of AlxGal-xN (0<=x<=l) or 
AlxInyGal-x-yN (0 <=x+y<=l) is sufficient, and that from which they became the layer structure may 
be used. 

[0035] Moreover, although the sapphire C side was used by this example as a substrate crystal, other 
crystal faces can also be used and the bulk crystal in which single crystal growth of nitride system III-V 
group semi-conductors, such as SiC, and a spinel mold crystal, Si, is still more possible can be used. 
[0036] 
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[Effect of the Invention] According to this invention, the vapor growth of n mold thick-film low 
resistive layer which doped Si became possible, and it became possible to remove the cause of device 
property aggravation, such as generation of heat of a light emitting device etc. Furthermore, this n mold 
thick-film low resistive layer can reduce the processes of component production substantially while it 
can be dissociated as a nitride system group-III-V-semiconducter substrate and solves problems, such as 
generation of heat, fundamentally by using this for a component rear face. The approach of this 
invention can apply semiconductor laser to other light emitting devices, a transistor, etc. from the first, 
and it is thought that the utility value on industry is very high. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 5] 
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[Translation done.] 
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